Introduction {#s0005}
============

Among the calcium-sensitive caseins, the αs1 fraction is undoubtedly the absolute most extensively investigated in livestock. The goat caseins (αs1-, β-, αs2 - and κ-casein) are coded by the single autosomal genes, CSN1S1, CSN2, CSN1S2 and CSN3, which cluster in a DNA segment of approximately 250 kbp, mapped to chromosome 6 ([@bb0145]). All casein fractions are classified by high variability ([@bb0150]). So far, at least 17 alleles (A, B1, B2, B3, B4, C, D, E, F, G, H, I, L, M, N, 01 and 02) have already been identified, which are related to various levels of CSN1S1 expression in the milk. The CSN1S1 variants are sorted into 4 groups due to the basis of the milk casein alpha-S1 content: strong alleles (A, B1, B2, B3, B4, C, H, L and M) producing almost 3.5 g/l of casein alpha-S1/each; intermediate alleles (E and I; 1.1 g/l); weak alleles (D, F and G; 0.45 g/l); and null alleles (01, 02, and N) producing no αS1-casein ([@bb0010], [@bb0040], [@bb0055], [@bb0075], [@bb0125], [@bb0130], [@bb0135]) ([@bb0055]) ([@bb0080], [@bb0090], [@bb0120]). A recent study showed that the high frequency of the strong genotypes is associated with the production of high fat and protein content milk and with optimal technological properties ([@bb0110]). CSN1S1 has been characterized by 19 exons ranging in size from 24 (exons 5, 6, 7, 8, 10, 13 and 16) to 382/388 bp (exon 19) expanded over 17.5 kb ([@bb0120]). The understanding of the translational process of alpha-S1 casein gene mutants will provide new opportunities to select the best dairy livestock for the preferred milk protein producing genotype. It has been suggested that a mutation, occurring at position of − 1319 of the promoter region, creates an extra putative activator protein (AP-1) binding motif in the sequence of the F allele, which can be responsible for the different expression of F and N alleles ([@bb0130]). Therefore, it is possible that using these methods, more quick and accurate selection of animal types independently of age, sex and lactation could be done in order to the different expression levels of the single alleles; thus, animals producing milk with specific chemical--physical and technological characteristics could be chosen. According to [@bb0130], comparative analysis of the first 200 bp of the CSN1S1 promoter regions of different species showed a homology between goat and other ruminants (similarities of about 96% with cattle, sheep and yak) stronger than that observed with non-ruminants (similarities of about 88% with rabbit, 80.5% with human and 77% with rat). Common expression features suggest the existence of common motifs and a set of transcription factor binding sites in promoter regions of these genes. Multiply alignment of three to eight milk protein gene promoters showed the existence of these common motifs ([@bb0070]) ([@bb0060]); however, the question is which of those motifs are specific for the whole group of milk protein gene promoters. To date, eight transcription factors important for milk protein gene expressions and the locations of their binding sites in some of these gene promoters have been described as (1) mammary gland-specific nuclear factor (MGF), as a member of the signal transducers and activators of translation family (STAT5) ([@bb0175]), which also appears to be identical to the milk protein-binding factor (MPBF) ([@bb0030]); (2) mammary cell-activating factor (MAF), a member of Ets-related proteins ([@bb0190]); (3) pregnancy-specific mammary nuclear factor (PMF) ([@bb0065]); (4) CCAAT: enhancer binding protein (C: EBP) ([@bb0140]); (5) CTF:NF1 ([@bb9000]); (6) single-stranded DNA-binding transcriptional regulator (STR) ([@bb0005]); (7) yinyang (YY1) ([@bb0115]); and (8) glucocorticoid receptor (GR) ([@bb0185]). Transcription factors are recognized sequences mostly with 6--16 bp long ([@bb0195]). In fact, progesterone receptor (PR), activating protein-1 (AP-1), CCAAT/enhancer-binding protein (C/EBP), signal transducer and activator of transcription 5 (STAT5, originally identified as milk protein binding factors, MPBF) and pregnancy-specific mammary nuclear factor (PMF) are involved in transcriptional activation, whereas yin--yang (YY1) is involved in gene repression activity. Thus, the occurrence of various consensuses in gene promoters can indicate which transcription factors may be involved in a gene regulation activity. Previous computer analysis of milk protein gene promoters has shown their more complex structure ([@bb0100]). Promoter analysis has been shown that gene expression could be affected by transcriptional factors and the study about transcriptional factor binding element improves our knowledge in gene expression. This study was for characterizing of gene structure in upstream site of 5′-flanking region and exon 1 of αs1-casein gene in Naeinian goat and sheep.

Materials and methods {#s0010}
=====================

Animals and DNA extraction {#s0015}
--------------------------

Blood samples were randomly collected from 300 Naeinian sheep (*n* = 150) and goat (*n* = 150). Genomic DNA was extracted from blood samples using modified salting out method. Quality and quantity of extracting DNA were measured by agarose gel electrophoresis.

Amplification of alpha-s1 casein gene {#s0020}
-------------------------------------

The specific primers were designed with Vector NTI software and based on the published sequence of the CSN1S1 gene (GenBank accession numbers: AJ504710), a fragment of 1133 bp was amplified (promoter region and exon 1). The PCR mixture contained 25 pM of each primers (forward primer, 5′-CAAGGAGTTGCAATCAACAAG -3′ and reverse primer, 5′ -GGCCTTGAAATATTCTACCAGA -3′), 200 mM of each dNTP and 2U of XT-Taq DNA polymerase in a final volume of 25 ml. The PCR was performed as follows: denaturation 94 °C for 60 s, annealing 65 °C for 60 s and extension 72 °C for 2 min in 35 cycles. The amplification products were analyzed by electrophoresis on a 1.5% agarose gel, using ethidium bromide staining.

Genotyping of CSN1S1 locus by PCR-RFLP {#s0025}
--------------------------------------

For genotyping and screening of different alleles of alpha s-1 casein in goat and sheep, the PCR-RFLP procedure developed using *Alu*I and *Hin*fI restriction enzymes. Then, products were analyzed by electrophoresis on a 2% agarose gel.

Cloning and sequencing {#s0030}
----------------------

Amplimers representative of the PCR-RFLP patterns of each species were selected to be cloned into a pGEMT-Easy vector (Promega, Madison, WI; Cat. No: A1380) and transformed into competent *Escherichia coli* cells, following the protocol recommended by the manufacturer. Amplimers from these clones and the corresponding genomic DNA were selected for subsequent DNA sequencing. Plasmids from the selected clones were extracted using a High Pure Plasmid Isolation Kit (Roche) and were then sequenced in both directions using universal forward and reverse primers at the Bioneer (Korea) and Millegen (France) companies.

DNA sequence analysis {#s0035}
---------------------

Identical sequences obtained from at least two clones from sheep and goat, and independent PCR amplification from the same sheep, were subjected to further sequence analysis. Sequence analysis was performed using MEGA 4.0 BioEdit DNASIS MAX and CLC GENOMICS software. The BLAST algorithm was used to search the NCBI GenBank databases (<http://www.ncbi.nlm.nih.gov/>) for homologous sequences. In order for alignment and construction of phylogeny tree, the BioEdit and Mega 4.0 was used, respectively. Also, for motif search and the site for restriction enzyme, DNASIS MAX and CLC genomics software was applied.

Results and discussion {#s0040}
======================

Amplification and genotyping {#s0045}
----------------------------

Polymerase chain reactions were carried out using a specific primer pairs for amplification a fragment of 1133 bp from part of 5ʹ-UTR and exon 1 of alpha s1 casein gene. All extracted DNAs from sheep blood samples yielded a specific single band PCR product without any non-specific band. The *Alu*I and *Hin*fI restriction enzyme treatment of all samples provided the same homozygous AA genotype ([Fig. 1](#f0005){ref-type="fig"}).

Before nucleotide sequencing, one PCR product from each species was purified with high pure PCR product purification kit (Roche; Cat no: 11732668001). Then, the samples were cloned by pGEM T-Easy vector (Promega). The recombinant plasmids were sent to Millegen and Bioneer companies to be sequenced. The gained sequences analyzed and submitted to the NCBI database (accession nos. JN701804.1, JN701803.1 and JN228894.1).

Goat CSN1S1 promoter analysis {#s0050}
-----------------------------

In this study, the goat CSN1S1 gene showed two TATA Box and three polyadenylation signals (AATAAA) located, with mention of the first nucleotide of the first exon, at nucleotides − 23/− 29 and − 83/− 89 and − 586, − 457,− 420, respectively. Additionally, the 5′ end of the gene showed a 16-bp Milk Box motif (CTCCTCAGAATTTCTT, − 142/− 157) ([@bb0160]), a CCAAT/enhancer binding protein (C/EBP − 876/− 884) sites ([@bb0140]), a mammary cell-activating factor (MAF, − 750/− 758) ([@bb0185]) and a putative binding site (GAATTCTTAGAATT) for STAT5 − 101/− 88), which mediates prolactin signal transduction in lactating mammary gland ([@bb0175]). Other DNA *cis*-acting elements, such as the Simian Virus 40 (SV40)-type enhancer ([@bb0180]), a nuclear factor octamer-1 (NF Oct-1) site ([@bb0020]) and a YYI (yin and yang factor 1) common factor ([@bb0165]), are spread over the large sequence AAACCACARAATTAGCATNTT (− 43/− 64), which is conserved in most calcium sensitive casein genes and represents one of the motifs typical for milk protein gene promoters ([@bb0095]). As presently reported for the bovine CSN1S1 gene ([@bb0155]), a binding site for the pregnancy-specific mammary nuclear factor (PMF) ([@bb0065]) (nucleotides + 8/+ 16) and two for the activator protein (AP-1) (nucleotides − 850/− 856 and − 175/− 181) ([@bb0070]) have already been observed. At least another 16 probable YY1 and two NF Oct-1 binding sites could be observed ([Fig. 2](#f0010){ref-type="fig"}). The ovine aS1-CSNGP includes a sequence TTTAAATA at ^\_^ 29, which shows homology with the TATA box of bovine, buffalo, camel, rat as1-casein genes and g-casein gene of rat. Another TATA sequence is found at 60 bp upstream of the first TATA box site. At the 2nd TATA box, the sequence TTTAAATA exists, but the canonical 5-G and 3-AG nucleotides surrounding many eukaryotic TATA sequences ([@bb0025]) are missing, while the 5-G and 3--AG sequences are present in the first TATA box, which was similar to the result of [@bb0015]. The other motifs are spread through the ovine as1-casein 5ʹ-flanking region. However, the majority of the milk gene promoter specific motifs is clustered between transcription initiation site and 2155 with the exception of MAF and an upstream MGF/STAT5 site. The most popular motifs occurring in various milk protein gene promoters suggest that their expression is regulated by specific transcription factor(s) and/or by a pattern of transcription factors. However, the computer analysis can predict and localize the binding motifs of transcription factors in promoters creating the experimentation simpler, but the expression studies are needed to confirm the predictions. STAT5 is the most important one of milk protein transcription factors. This factor could be activated by prolactin activation and growth hormone by Jak/STAT signaling pathway or by Scr~-~kinases (EGF receptor) ([@bb0045]). In this study, it has been revealed that nucleus protein bindings for two MGF/STAT5 binding sites, that located in the promoter region of as1 casein gene (− 90, − 98 and − 138, − 146), are different in one single nucleotide polymorphism (G/A), and these results were completely in agreement with [@bb0170]. MGF/STAT5 was demonstrated to be the main TF-mediating prolactin activity on the milk protein gene expressions. The STAT5 DNA-binding capacity was revealed to improve lactation in mammary glands of rodents ([@bb0085]) and rabbit ([@bb0105]). Furthermore, the computer analysis with the TESS program revealed the clear presence of putative binding sites for CP2 ([@bb0170]) and G6 factors ([@bb0050]). Nucleotide T/C substitution at − 733 position in the promoter site of αS1-casein gene reduced its sequence similarity to CP2 and improved that to SP1 and G6 binding sites. In our study, none of these binding sites was observed.

The existence of six common superfamily-specific motifs of milk protein gene promoters (designed as an A1--A6), known by the way of a complete homology with the consensus sequences described by [@bb0095], was confirmed in the present study. Motifs A5 and A6 are observed in a distal region apart from A1 to A4 motifs, which are found nearby the start of transcription. The region spanning A1 to A4 motifs includes binding sites for at least six transcription factors that could affect expression and regulation of goat as1-casein in the lactating mammary gland. As described earlier, so far, eight transcription factors that are very important in the milk protein gene expression and the locations of their binding sites in some of these gene promoters have already been identified. The results from comparative analysis of Naeinian sheep and goats showed the existence of the several SNP between them, which were due to differences in present or non-present in TFBS, and also, in number of transcription factor binding sites. For example, AP-1 C-Myb, CF-1, GATA-1, MGF, Myb, V-MCS, C/EBP, CAP-site, gamma-IRE, NF-IL-6 and HIS4-US motif sites could be mentioned that may be effective on milk protein gene expression. [@bb0035] reported two polymorphisms in the 5′ flanking region that were located within possible trans-acting factor binding sites, modifying the putative CdxA and GATA-1 consensus sites ([@bb0035]). Also, the SNP (JN560175: g. 1123C \> A) that modifies a putative CdxA consensus site showed a significant effect on the expression of the CSN1S1 gene (*P* = 0.043), but no effect was found in protein content. This study was not observed, named SNP (this SNP position is shown by highlighting nucleotide at position − 41). Promoter regions of milk protein genes are commonly used to produce pharmaceutically and medically important proteins in the mammary gland of transgenic animals and also could be utilized for the construction of an inducible eukaryotic expression vector. In this field, a study on cloning and characterization of ovine aS1-casein gene promoter DNA sequence analysis showed the presence of all the core promoter elements such as milk specific transcription factor sequence (MBPF, MGF/STAT5, Yu Lee2, Yu Lee4, Yu Lee5, Yu Lee6 and Oka Box C), prolactin, progesterone responsive elements and one glucocorticoid responsive element and another promoter element that was in consistence with our results at IRE ([@bb0015]).

Conclusion {#s0055}
==========

In this study, we analyzed 5ʹ-flanking region and exon 1 of as1 casein gene in Naeinian goats and sheep, which is often used for identification and evaluation of the role and importance of transcription factors in gene expression regulation and transcription effects from polymorphisms that located in this region. However, these sequences usually present in everywhere, but sequence intervals and assortment are different between various species of promoters. The existence of common motifs in various milk protein gene promoters showed that gene expression is regulated by transcription factors. Although, computer analysis could be predicted and localized the binding motifs of transcription factors in promoters making the experimentation simpler, but the expression studies are required to confirm the predictions. Characterization of regulated transcription sequences in gene promoter regions is a very important factor for milk protein production in a variety of species. The aim of this study was to clone, sequence and identify regulating elements in as1 casein gene and also to detect promoter nucleus DNA elements (*cis*-acting), TATA signal, GC box, CAAT box and other elements in goats and sheep. The understanding of the translation process of alpha-S1 casein polymorphisms provide us an opportunity to do the most effective selection in livestock for the preferred milk protein producing genotype. The results of the present study provided important evidences for the merits of the promoter to construct a eukaryotic expression vector and a series of information for transgenic studies.
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